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Foreword
This issue of Theoretical Computer Science is composed mainly of papers submitted by participants of the Dagstuhl-
Seminar on Computational Structures for Modeling Space, Time and Causality. The workshop took place in the International
Conference and Research Center Schloss Dagstuhl in the last week of August 2006.
Topological notions andmethods have been successfully applied in various areas of computer science. Image processing,
programming language semantics and exact computing with real numbers and vectors in Banach spaces are important
examples. Computerized geometric constructions have many applications in engineering and physics. The seminar
concentrated on computational structures for modeling space, time and causality, which are basic in these applications.
Special emphasis was given to connections with physics.
Due to the digital nature of computation, such structures differ from the mathematical structures they model, based on
the continuum, that are classically used in these fields. Their typical features include a graph-based digital framework useful
in computing algorithms, and also feature asymmetry and partiality. The classical spaces contain only the ideal elements that
are the result of a completed computation (approximation) process which involves algorithms based on moving between
points (for which a graph structure is used). But spaces that also allow reasoning about such processes in a formal way
must contain the partial (and finite) objects appearing during a computation as well, and must consider a limiting process.
Only the partial and finite objects can be observed in finite time. The leading example of such a structure is the domain
(in Scott’s sense). Here, the finitely observable properties of a process are the primary objects of study. The ideal entities
which are the only elements considered in classical mathematical structures are obtained as derived objects via the limiting
relationship. By a continuous model of a classical space we usually mean a domain, perhaps with additional structure such
as a measurement or partial metric to represent the original space, as the subspace of maximal points. This gives a handle
on the computational aspects of the classical space.
This, from a computational perspective, is some of the motivation for developing alternative models, in which a partial
ordering (of the approximation of ideal elements by partial or finite ones) is fundamental. What is remarkable is that very
similar order-theoretic models are being developed for (apparently) entirely different reasons in theoretical physics.
The singlarity theorems, for example, show that in classical general relativity the basic geometric assumptions break
down (singularities develop) so one seeks alternatives: Ashtekar’s quantum geometry, string theory or Sorkin’s causets.
Rafael Sorkin and his collaborator in combinatorics, Graham Brightwell, working in a program towards quantum gravity
where the causal structure is taken as fundamental, use causal sets as basic structure, which are nothing more than
locally finite partial orders. Keye Martin and Prakash Panangaden showed that globally hyperbolic spacetimes (studied in
Kronheimer and Penrose’s 1967 classic, ‘‘On the structure of causal spaces’’, Proc. Camb. Phil. Soc. 63, 481–501) are special
continuous domains.
There are several consequences of the work of Martin and Panangaden. The topology of the spacetime manifold can be
reconstructed from the causal structure; indeed from a countable dense subset of the spacetime. The result relates the areas
of domain theory in computing and causality in physics, and provides new tools for deriving results relevant to quantum
gravity, but it is only a beginning and much needs to be done.
In most work in physics of the kind just mentioned, one views space (or space–time) as a continuous manifold. But by
using domains, we gain a clearer view of ideas derived from computer science being applied in the direction of physics.
There are also reasons forwanting to consider also discretemodels of space and time. Philosophically quantummechanics
suggests that one should look to discrete structures rather than continuum structures. There are no experiments that can
probe arbitrarily deeply into the structure of spacetime (as that would require unboundedly high energies) so there can
never be any experimental support for a true continuum.
We can now compare causal sets and other event structures with process models in computer science, so that posets and
graphs will figure extensively in ‘‘discrete’’ models.
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After very successful predecessor seminars in 2000, 2002 and 2004, the seminar in 2006 was the fourth in this series
of Dagstuhl seminars which aim to bring together people working in fields like domain theory, topology, geometry, formal
topology, and now causal spaces in physics, . . . , and to foster interaction between them. A further goal has always been to
encourage communication and, hopefully, collaboration between computer scientists and those mathematicians and now
physicists who work on similar problems but from a different perspective and who, often, are not aware of what their work
has in common.
This time the seminar attracted 53 participants representing 13 countries and 5 continents, among them 8 young
researchers working for their master or Ph.D. The atmosphere was very friendly, but discussions were most lively. During
the breaks and till late in the night, participants also gathered in smaller groups for continuing discussions, communicating
new results and exchanging ideas. Some participants gave additional evening lectures to introduce their field inmore detail.
Again the seminar led to several new research contacts and collaborations.
The great success of the seminar was not only due to the participants, but also to the staff, both in Saarbrücken and
Dagstuhl, who always does a great job in making everything run in such an efficient and smooth way. Our thanks go to both
groups! Moreover, thanks are due to the referees for having taken over the burden of carefully reading and commenting the
many submissions.
The submission by one of the editors was handled by another one of the editors so as to protect the anonymity of the
reviewers and to avoid a conflict of interest.
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